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• :130> 023070 - 124500US 

<140> US 09/964 , 992 
..:14 1> 2 001-09-26 

■ : 1 5 0 , ■ US 60/235, 956 
•:151;- 2000 -09-26 

:160> 13 

.170; Patent In Ver. 2.1 

:2 10> 1 

<211> 711 

<212> PRT 

<213> Lactuca sativa 

<?.20 :■■ 

; 2 2 3 : lettuce phenylalanine ammonia - lyase (PAL; 1 
( LsPALl ) 

: -t 0 0 : 1 

Met Glu Asn Gly Asn His Val Asn Gly Val Val Asn Glu Leu Cys lie 
1 "5 10 15 

Lvs Asp Pro Leu Asn Trp Gly Val Ala Ala Glu Ala Leu Thr Gly Ser 
20 25 30 

His Leu Asp Glu Val Lys Lys Met Val Ala Glu Phe Arg Lys Pro Val 
35 40 45 

Val Lys Leu Gly Gly Glu Thr Leu Thr Val Ser Gin Val Ala Gly lie 
50 55 60 

Ala Ala Ala Asn Asp Ser Asp Thr Val Lys Val Glu Leu Ser Glu Ala 
65 70 75 80 

Ala Arg Ala Gly Val Lys Ala Ser Ser Asp Trp Val Met Glu Ser Met 
85 90 95 

Asn Lys Gly Thr Asp Ser Tyr Gly Val Thr Thr Gly Phe Gly Ala Thr 

10 0 10 5 110 

Ser His Arg Arg Thr Lvs Gin Glv Gly Ala Leu Gin Lys Glu Leu lie 
115 ' 120 125 

Arg Phe Leu Asn Ala Gly lie Phe Gly Asn Gly Thr Glu Thr Ser His 
130 135 :4C 



Thr Leu Pro His Ser Ala Thr Arg Ala Ala Met lie Val Arg lie Asn 
145 150 155 160 

Thr Leu Leu Gin Gly Tyr Ser Gly lie Arg the Glu lie Leu Glu Ala 
165 170 175 

lie Thr Lys Phe Leu Asn Asn Asn lie Thr Pro Cys Leu Pro Leu Arg 
180 185 190 

Glv Thr He Thr Ala Ser Gly Asp Leu Val Pro Leu Ser Tyr He Ala 

195 ICG 205 

Gly Leu Leu Thr Gly Arg Pro Asn Ser Lys Ala Val Gly Pre Thr Gly 
210 215 220 

Glu Val Leu Asn Ala Glu Lys Ala Phe Ala Ala Ala Gly Val Glu Gly 
225 230 235 240 

Gly Phe Phe Glu Leu Gin Pro Lys Glu Gly Leu Ala Leu Val Asn Gly 
245 250 255 

Thr Ala Val Gly Ser Gly Met Ala Ser Met Val Leu Phe Asp Ala Asn 
260 265 270 

Val Leu Ala Leu Leu Ser Glu Val Leu Ser Ala He Phe Ala Glu Val 
275 280 285 

Met Gin Gly Lys Pro Glu Phe Thr Asp His Leu Thr His Lys Leu Lys 
290 295 300 

His His Pro Gly Gin He Glu Ala Ala Ala He Met Glu Tyr He Leu 
305 310 315 320 

Asp Gly Ser Asp Tyr Val Lys Ala Ala Gin Lys Val His Glu Met Asp 
3 25 330 3 35 

Pro Leu Gin Lys Pro Lys Gin Asp Arg Tyr Ala Leu Arg Thr Ser Pro 
340 345 350 

Gin Trp Leu Gly Pro Gin He Glu Val He Arg Ser Ser Thr Lys Met 
355 360 365 

He Glu Arg Glu lie Asn Ser Val Asn Asp Asn Pro Leu He Asp Val 
370 375 380 

Ser Arg Asn Lys Ala Leu His Gly Gly Asn Phe Gin Gly Thr Pro He 
385 390 3 95 400 

Gly Val Ser Met Asp Asn Thr Arg Leu Ala He Ala Ala He Gly Lys 
405 410 4 15 

Leu Met Phe Ala Gin Phe Ser Glu Leu Val Asn Asp Phe Tyr Asn Asn 

420 425 430 

Gly Leu Pro Ser Asn Leu Ser Gly Gly Arg Asn Pro Ser Leu Asp Tyr 
435 440 445 

Glv Phe Lys Gly Gly Glu He Ala Met Ala Ser Tyr Cys Ser Glu Leu 
450 455 46 0 



Gin Phe Leu Ala Asn Pro Val Thr Asn His Val Gin Ser Ala G^u Gin 
465 470 475 480 

His Asn Gin Asp Val Asn Ser Leu Gly Leu lie Ser Ala Arg Lys Thr 
485 490 495 

Ala Glu Ala Val Asp lie Leu Lys Leu Met Ser Ser Thr Tyr Leu Val 
500 50 5 510 

Ala .eu Cys Gin Ser lie Asp Leu Arg His Leu Glu Glu Asn Met Lys 
515 520 52 5 

Ser Thr Val Lys Asn Thr Val Ser Gin Val Ala Lys Lys Val Leu Thr 
530 535 540 

Met Gly Val Asn Gly Glu Leu His Pro Ser Arg Phe Cys Glu Lys Asp 



Leu .eu Arg Val Val Asp Arg Glu Tyr Val Phe Ala Tyr lie Asp Asp 
565 570 5 75 

Val Cys Ser Gly Thr Tyr Pro Leu Met Gin Lys Leu Arg Gin Val Leu 
580 585 590 

Val Asp His Ala Leu Asn Asn Gly Glu Thr Glu Lys Asn Thr Asn Thr 
595 600 605 

Ser rle Phe Gin Lys lie Ala Thr Phe Glu Glu Glu Leu Lys Val Leu 
610 615 620 

Leu Pro Lys Glu Val Glu Gly Val Arg lie Ala Tyr Glu Asn Asp Thr 
6 25 630 635 64 0 

Leu Ser lie Pro Asn Arg lie Lys Ala Cys Arg Ser Tyr Pro Leu Tyr 
645 650 6 55 

Arg Phe Val Arg Glu Glu Leu Gly Arg Gly Phe Leu Thr Gly Glu Lys 

660 665 670 

val Thr Ser Pro Gly Glu Glu Phe Asp Arg Val Phe Thr Ala Met Cys 

6 ~ 5 6 5 0 6 8 5 

Lys Gly Gin lie lie Asp Pro Leu Leu Glu Cys Leu GLy Gly Trp Asn 
690 695 700 

Gly Glu Pro Leu Pro lie Cys 
705 710 



<:2 10> 2 

■:2 11> ^13 

■:2 12- PRT 

<2 12> Lactuca sativa 
<220;- 

• ::223 > lettuce phenylalanine ammonia - lyase (PAL) 2 

' LsPAL2 i 

<400> 2 

Met Gly Ser Thr Glu Met Glu Val Asp Ser His Gin Asn Gly Glu Arg 
1 5 10 15 



Ala Glu Phe Cys Val Lys Gly Asp Pro Leu Asn Trp Gly Met Ala Ala 

2 0 2 5 3 0 

Glu Ser Leu Lys Gly Ser His Leu Asp Glu Val Lys Arg Met Val Ala 

3 5 4 0 4 5. 

Glu Phe Arg Lys Pro Val Val Arg Leu Gly Gly Glu Thr Leu Thr Val 

5 0 5 5 6 0 

Ser Gin Val Ala Ala lie Ala Ala Ser Asp Asn Ala Gly Val Lys Val 

65 "70 75 30 

Glu Leu Ser Glu Thr Ala Arg Ala Gly Val Lys Ala Ser Ser Asp Trp 

85 90 95 

Val Met Glu Ser Met Asn Lys Gly Thr Asp Ser Tyr Gly Val Thr Thr 

100 105 110 

Gly Phe Gly Ala Thr Ser His Arg Arg Thr Lys Glu Gly Gly Ala Leu 



Gin Lys Glu Leu lie Arg Phe Leu Asn Ala Gly lie Phe Gly Asn Gly 

130 135 140 

Thr Glu Ser Thr His Thr Leu Pro His Ser Ala Thr Arg Ala Ala Met 
14 5 15 0 155 16 0 

Leu Val Arg lie Asn Thr Leu Leu Gin Gly Tyr Ser Gly He Arg Phe 
16 5 17 0' 17 5 

Glu He Leu Glu Ala He Thr Lys Phe Leu Asn His Asn Val Thr Pro 

180 185 190 

Phe Leu Pro Leu Arg Gly Thr lie Thr Ala Ser Gly Asp Leu Val Pro 
195 200 205 

Leu Ser Tyr He Ala Gly Leu Leu Thr Gly Arg Ala Asn Ser Lys Ala 

210 215 220 

Val Gly Pro Thr Gly Glu Val Leu Asn Ala Glu Lys Ala Phe Ala Glu 
225 23 0 235 2 4 0 

Ala Gly Val Glu Gly Gly Phe Phe Glu Leu Gin Pro Lys Glu Gly Leu 
245 25 C 255 

Ala Leu Val Asn Gly Thr Ala Val Gly Ser Gly Met Ala Ser Met Val 

260 265 270 

Leu Phe Asp Ala Asn Val Leu Ala Leu Leu Ser 31u Val Leu Ser Ala 
275 2 8 0 285 

He Phe Ala Glu Val Met Gin Gly Lys Pro Glu Phe Thr Asp His Le„ 

290 295 300 

Th r His Ly s Leu Lys His His P r o G 1 y Gin lie 3 1 u Ala A la Ala He 
305 3 10 3 15 320 



Met Glu Tyr lie Leu Asp Gly Ser Asp ivr Vai 



La ^ a u-lH 



325 330 335 



4 



Val His Glu Met Asp Pro Leu Gin Lys Pro Lys Gin Asp Arg Tyr Ala 
340 345 350 

Leu Arg Thr Ser Pro Gin Trp Leu Gly Pro Gin He Glu Val He Arg 
355 3 60 365 

Ser Ser Thr Lys Met He Glu Arg Glu He Asn Ser Val Asn Asp Asn 
3^0 3^5 380 

Pro Leu lie Asp Val Ser Arg Asn Lys Ala Leu His Gly Gly Asn Phe 
385 39 0 395 4 0 G 

Gin Gly Thr Pro He Gly Val Ser Met Asp Asn Thr Arg Leu Ala He 
405 410 415 

Ala A..a He Gly Lys Leu Met Phe Ala Gin Phe Ser Glu Leu Val Asn 
420 425 430 

Asp Phe Tyr Asn Asn Gly Leu Pro Ser Asn Leu Ser Gly Gly Arg Asn 
435 440 445 

Pro Ser Leu Asp Tyr Gly Phe Lys Gly Ala Glu lie Ala Met Ala Ser 
450 455 460 

Tyr Cys Ser Glu Leu Gin Phe Leu Ala Asn Pro Val Thr Asn His Val 
4 65 ' 47 0 475 480 

Gin Ser Ala Glu Gin His Asn Gin Asp Val Asn Ser Leu Gly Leu He 
485 490 495 

Ser Ala Arg Lys Thr Ala Glu Ser Val Glu He Leu Lys Leu Met Ser 

500 505 5 10 

Thr Thr Tyr Leu Val Ala Leu Cys Gin Ser He Asp Leu Arg His Leu 
515 520 525 

Glu Glu Asn Leu Lys Ser Thr Val Lys Asn Thr Val Ser Leu Val Ala 
530 535 540 

Lys Lys He Leu Thr Thr Gly Val Asn Gly Glu Leu His Pro Ser Arg 
545 55 0 555 560 

Phe 2ys Glu Lys Asp Leu Leu Arg Val Val Asp Arg 3iu Tyr Val Phe 
565 570 575 

Ala Tyr He Asp Asp Ala Cys Ser Ala Thr Tyr Pro Leu Met Gin Lys 
580 585 590 

Leu Arg Gin Val lie Val Asp His Ala Leu Asn Asn Glu Asn Asp Ala 
595 600 605 

Gly Thr Ser He Phe Gin Lys He Ser Glu Phe Glu Glu Glu Leu Lys 

6 10 615 620 

Ala Val Leu Pro Lys Glu Val Glu Gly Val Arg Ser Ala Tyr Glu Ser 
625 * 630 635 640 

Sei Thr Leu Thr lie Pro Asn Arg lie Lys Glu Cys Arg Ser Tyr Pro 
645 6 5 C 655 



Leu Tyr Arg Phe Val Arg Glu Glu Leu Gly Thr Gly Phe Leu Thr Gly 



Glu Glu Val Thr Ser Pro Gly Glu Glu Phe Asp Lys Val Phe Thr Ala 

675 680 685 

Leu Gys Lys Gly His lie lie Asp Pro Leu Leu Glu Cys Val G In Gly 

6 90 6 95 700 



Trp Asn Gly Val Pro Leu Pro lie Ser 



705 



7 10 



<210> 3 

<211- 2442 

-J. 12 • DNA 

;113:- Lactuca sativa 



; 1 2 D , 



lettuce phenylalanine ammonia lyase (PAL) 1 
\ LsPALl) cDNA 



;221> CDS 
; 2 2 2 > (119) 
:22 3 PALI 



. (2 2 54) 



< 4 0 0 :■ 3 

gagcaatctg 

acacaattag 

ggagaacggt 

rtggggagtt 

tgcggagtte 

ggcggggatc 

gagggc tgga 

tagtt atggt 

:gc:i tacag 

aacaagccac 

cct-:ctccag 

:aa:^a:aac 

cgtcccatta 

ccccaccgga 

gttcr. t ;ga-g 

cgggatggct 

at eg gcgat c 

:aaa»:tgaag 

:gga^g=gat 

aaaacaaga t 

aat :-;gatca 

gat ;; iacg:: 

agt t tcca eg 

att: ictgag 

acgcaaccrc 

::c:gagctc 

:aa:caaga: 

catcttaaaa 

:■: at t tggaa 

ggt 3 rt cacc 

cctccgtgtt 

at a r :catt a 

aa rggagaag 



a t c a a t a c c c 
attgt tcttg 
aatcacgtta 
geageggagg 
agaaag c c gg 
gcagccgct a 
gttaaggega 
gtca::accg 
aaggag ctca 
aeac t tccac 
ggt ta ccccg 
atcaccccct 
tcatacat eg 
g a ag t cc tea 
t ta :agccga 
t e c atggt tc 
ttegctgagg 
:at-:accc;g 
t a tgt e aagg 
egttatgctc 
::aaccaaaa 
:::agaaa:a 
gacaacaccc 
etggttaacg 
agt t tggaet 
eagt 1 1 cteg 
g 1 1 a a 1 1 c 1 c 
ctcatgtcgt 
gagaaeat ga 
atggg:g::a 
gttgatcgtg 
at gragaagc 
aaeac t aaca 



at teaegcae 
tttc tttgat 
atggagtcgt 
cgttgaccgg 
tggtgaaget 
atgacagtga 
gtagtgat tg 
getteggege 
1 1 aga 1 1 1 1 z 
at te agecae 
gea t cegat t 
gtttacccct 
eeggcetett 
aegecgaaaa 
aagaaggg et 
ta 1 1 1 gat go 
t tatg raagg 
gteaaatega 
egg :g:aaaa 
tccgtacatc 
tgat rgagag 
a.-i^::::a-:a 
g t e t e g c e a t 
attt etacaa 
acgggtteaa 
eaaa teeagt 
t e g g a 1 1 a a t 
egae at act t 
aategacagt 
aeggrgagtt 
aataegtct t 
trcgacaggt 
ce t c :a t e 1 1 



aaagagtgtg 
ctatagteta 
taatgagttg 
a agt cacett 
eggaggagag 
eaecgtgaag 
ggt tatggag 
■:a:ctctcac 
gaa :gccgga 
cagagccgcc 
egagatet tg 
e egtggaacc 
aaeeggecge 
ggectteget 
age ae t tgtt 
t a a t g t a e 1 1 
gaagctggag 
GG-GG--9Gcg 
gg:::a:gaa 
t ceeca at gg 
ggaaat eaat 
rg gtggtaau 
tgetgeaate 
eaa tggat ta 
aggtggagaa 
r a e e a a e e a t 
:::ag:gagg 
agt ege t c t a 
gaagaacacc 
::ac::gtcg 
eg :t ta rate 
t :tgg:cga: 
ecaaaaaate 



agt etagtgt 
caatctgtat 
tgc at caagg 
gatgaggtga 
aeget tacag 
gtggagctgt 
agcatgaa ta 
eggaga ac t a 
atatteggea 
a tgat eg te a 
gaageca t ea 
ateaecgec t 
eecaaetcea 
geageeggag 
a a c gg cae eg 
grgttgttgt 
tttaeegatr 
ateatggagt 
atggaet zgz 
ctegga e etc 
t regt eaa eg 
t: : : a a gga a 
ggaaaaet ea 
ceat eg a a te 
at :g: tatgg 
gt te aaageg 
aaaa::g:ag 
t g e e a a t c e a 
g t aag ::aag 
agat::tg:g 
gaegacgt tt 
caegrtctaa 
gttatett zg 



gtgaagaagt 
aaataataat 
atccattgaa 
agaagatggt 
tttcteaggt 
eggaage e gc 
aaggaactga 
agcaaggegg 
a tggaaegga 
gaat eaaea e 
c eaag tte e t 
eeggtgaeet 
aagcegttgg 
ttgaaggtgg 
eegtggggt e 
eggaagtgtt 
ae t tgae ae a 
a t a 1 1 1 1 g g a 
t a tag a a a :e 
aaat egaa gt 
a:aa:ccatt 
:::caa::gg 
tgtt ege tea 
tetceggtgg 

ccgaacaa:a 
a age a g t :ga 
tcgat ttaeg 
ttgcgaaaaa 
agaaagatet 
geageggeac 
a t aa egg :ga 
aagaagaat t 



6 0 
120 
1 y 0 



420 
4 £ 0 



3 4 0 
9''. 0 



i2--: 
12-: 

1 3S 
144 

1 5 

1 6 6 

ISO 
186 



g a a a g t c c t g 
gccgattcca 
ggagctcggc 
zagggtgtte 
agggtggaat 
rgtactcgta 
■:a:caaagac 
attattcttg 



ttaccgaaag aagttgaagg tgctagaatc gcttatgaga atgatacatt 

aacaggatta aagcttgcag atcgtacccg ttgtataggt ttgtaaggga 

agagggtttt tgaccggaga aaaggtgacg tcgccgggag aggagttcga 

acggcgatgt gcaaaggtca aattattgac ccgttgttgg agtgtcttgg 

ggggaacctc ticcaatacg ttaggaaagt gagtgtgaaa ccgtctgaat 

atac r „ctgtt t:ttttct:: cccttcaaat :ctatccgca cttaa:atcc 

ccccaccicc aagtgtggtg cacgtggctg caaaccaca: atatcaaccc 

ctaaaaaaaa aaaaaaaaaa aaaaaaaaaa aa 



2 04 C 

2 IOC 

2 160 

~' o ^ c 

2 2 8 0 

!_ J i L 

24 0C 



c 2 1 1 > 2 3 8 0 
<2 12> DMA 

<213> Laccuca sativa 



< 2 2 0 > 

< 2 2 3 > 



letcuce phenylalanine ammonia - lyase (fAL) 2 
( Ls PAL2 ) cDNA 



<220> 

<221> CDS 

<222> (77) , 

<22 3 > PAL 2 



(22 18) 



<4 00 > 4 
gcagcaac eg 
tctgtaactt 
gagageggag 
aaagggcagt 
gagattgggt 
cgcrggggnq 
ttgggtgatg 
agctacccct: 
■:::gaacgc: 
■:a j a ag age a 
attcgagatc 
tctccgtggg 
cctcaccggc 
aaaggc:tt : 
gctagcactc 
:gc:aatgt: 
aggtaagecg 
egaggeggrg 
a a a g g t c c a c 
at zee a a 
gagagaaacc 
acacggtggc 
gatcgccgcc 
■:aa:aacggg 
c aaaggtgca 
ag: cacaaac 
gat t tcagca 
ag t ag r t 
agt g a aga a r 
grtccatcet 
:t:tg:atac 
gg:ta:cgtc 
gat ragtgaa 
aag:g:aca: 
cccattgtac 
gacgtcacct 



ccacttcacc 
c tgataatgg 
ttttgtgtga 

cat t tagacg 
ggagagacgt 
aaggtggaac 
gagagtatga 
cac eggagaa 
ggaa tatt eg 
gecatgettg 
ttggaggcga 
acaat taccg 
cgtgceaac t 
g :ggaag:cg 
gtcaaeggea 
ct tgcat tgt 
gagt t tae tg 
gegateatgg 
gaaatgga:: 
tggcteggae 
aactccgtca 
aac 1 1 e caag 
at egg a a age 
ttgeeateea 
g a a a t e g c e a 
ca eg ttcaa a 
agaaaaacag 
ctatgtcaat 
aragtgagrr 
t e t c g e 1 1 e t 
ategaegaeg 
gaecacgea t 
1 1 :gaaga gg 
gagagttcga 
aggt t tgtga 
ggagaagagt 



accttcaatc 
gcagcacaga 
aaggggatcc 
aggtgaagcg 
tgactgtgte 
tgteggagae 
ata aaggaae 
:gaaagaagg 
gtaatgge ae 
t ;agaatcaa 
teaccaagtt 
cctccggcga 
e eaaagcegt 
g a g 1 1 g a a g g 
ecgccgtggg 
t gtcggaagt 
atcaettaac 
agt at at t 1 1 
:gttacagaa 
e t c a a a t c g a 
aegaeaaccc 
gaaccccaat 
taatgttcgc 
atctetcegg 
tggcttct ta 
gegecgaaea 
eagaatcagt 
z z a t ega rt t 
t :g::gcgaa 
grgagaaaga 
ettg-agege 
t a a a e a a e g a 
a art g a a a g c 
eat t gac gat 
gagaggagct 
t rgataaggt 



cctcat tctc 
aatggaggt t 
t t tgaactgg 
gatggtggcg 
geaggtggcg 
ggcgagggcg 
gga t age t at 
tggtgetctt 
a g a a t e a a c e 
caceetcctt 
c e t e a a e c a e 
tetegt ccca 
tggaeceace 
tggtttcttc 
ateegggatg 
gttatcggcg 
acaeaaattg 
ggarggaage 
ateaaaaeaa 
agt aateega 
attgat cgae 
eggagt ttce 
teagttetct 
eggeeggaat 
ctge t ctgag 
a e a c a a e e a a 
cgagate t ta 
g agg :a: 1 1 g 
gaagat :::a 
cttgrttrgt 
ca:cca::ca 
aaatgaege z 
cgttttgrrra 
c::aaacagg 
tggaacaggg 
at t eactae t 



tctctctaaa 
gat agecat c 
gggatggcgg 
gagtt tagga 
gcgategerg 
ggggtgaagg 
ggt gt cac t a 
e a g a a g g a g e 
racacac 1 1 e 
eaagg t tae t 
aacgtcaccc 
ttatcctaca 
ggagaagtt z 
gagt t a:ag: 
gcgtcgatgg 
atettegctg 
aagcat cacc 
g attar g tea 
gat -gttatg 
tcatcaacea 
gtttceagaa 
atg gataaea 
gagct tgt ea 
ccaagtttgg 
eteeagtt te 
gatgttaatt 
aaaeteatgt 
g a a g a g a a e c 
ac:ac:gg:3 
gt g gt z ga z a 
ttga: gcaga 
ggaacctcca 
aa a ga a g t gg 
ateaaggagt 
tttttgacag 
t tgtg caaag 



aaaaccagac 
aaaacggtga 
eggagt ca t t 
age c ggt ggt 
ecagtgataa 
egagtagtga 
ccgggttcgg 
t ea 1 1 aga 1 1 
cacattcagc 
eeggeateeg 
cttttctccc 
t cgceggt e t 
taaa tge e ga 
:gaaag a agg 
tgctat ttga 
a agt tatgc a 
ecggtcaaat 
aggeggegea 
::ctccgta: 
a a a t g a t c g a 
a caaag ec 1 1 
eacgtt tgg r 
a eg a 1 1 1 1 1 a 
at tacgggt t 
ccgccaatc c 
ect tgggat t 
c a a c e a c a t a 
:gaaat::a: 
t eaatggcga 
ggga gt a t g t 
a g c t e c g a c a 
tcttccaaaa 
a gggag t tag 
g t aga t ca t a 
gggaggaggt 
aacat at t at 



b0 
12 0 
180 



6 6 0 
72 0 



y o o 

9 6 0 
102 
1 0 8 

12 0 

12 6 0 

13 2 0 

13 8 0 

14 4 :j 
1 5 0 ,i 
1 5 6 J 
16 2 :j 

108 ■:> 

1 8 0 ■") 
18-5 ■_' 
1 9 2 j 
19 3 

^ -t .■ 

2 10 0 
2 16 ■ j 



cgatccattg ttggagtgtg ttcaagggtg gaatggtgtt cctcttccga tttcatagtt 2220 

attttgttca taaatacttt ttatgagttt tgagggtttt gtaagtcgca actctcatgc 2280 

caaatgtgta tgtaattgta atgtactatt gtatgtttgt aattgtacca cgttaagtgt 2340 

accttttgtt tcataaaaaa aaaaaaaaaa aaaaaaaaaa 238C 



<~2 1G> 5 
<2 11> 6 66 
<212> PRT 

c2 13> Helianthus annuus 
<220> 

<223 > sunflower phenylalanine ammonia - lyase (PAL) 
<4 00> 5 

Met Glu Asn Gly Thr His Val Asn Gly Ser Ala Asn Gly Phe Cys lie 

15 10 15 

Lys Asp Pro Leu Asn Trp Gly Val Ala Ala Glu Ala Leu Thr Gly Ser 
2 0 2 5 3 0 

His Leu Asp Glu Val Lys Lys Met Val Gly Glu Phe Arg Lys Pro Val 
35 40 45 

Val Lys Leu Gly Gly Glu Thr Leu Thr Val Ser Gin Val Ala Gly lie 
50 55 60 

Ser Ala Ala Gly Asp G 1 y Asn Met Va! Lys Val Glu Leu Sei Glu A^a 
6 5 " 7 0 7 5 8 0 

Ala Arg Ala Gly Val Lys Ala Ser Ser Asp Trp Val Met Glu Ser Met 
85 90 95 

Asn Lys Gly Thr Asp Ser Tyr Gly Val Thr Thr Gly Phe Gly Ala Thr 
100 105 110 

Ser His Arg Arg Thr Lys Asn Gly Gly Ala Leu Gin Lys Glu Leu lie 
115 12 0 125 

Arg Phe Leu Asn Ala Gly lie Phe Gly Asn Gly Thr Glu Ser Ser His 
130 135 140 

Thr Leu Pro His Ser Ala Thr Arg Ala Ala Met He Val Arg He Asn 
145 150 155 160 

Thr Leu Leu Gin Gly Tyr Ser Gly He Arg Phe Glu He Leu Glu Ala 
165 170 175 

He Thr Lys Phe Leu Asn Asn Asn He Thr Pro Cys Leu Pro Leu Arg 

180 185 190 

GH' T:ir He Thr A^a Sci G^y Asp ^eu Va^ Pic ^eu Ser iVi ±±n Ax a 
19 5 2 0 0 2 0 5 

Gly Leu Leu Thr Gly Arg Pro Asn Ser Lys Ala Val Gly Pro Ala Gly 
210 215 220 

Glu Val Leu Asn Ala Glu Ser Ala Phe Ala Gin Ala Gly Val Glu Gly 
225 230 235 240 



Gly Phe Phe Glu Leu Gin Pro Lys Glu Gly Leu Ala Leu Va 1 Asn Gly 
245 250 255 

Thr Ala Val Gly Ser Gly Met Ala Ser Met Val Leu Phe Glu Ala Asn 
260 265 270 

Val Leu Ala Leu Leu Ser Glu Val Leu Ser Ala lie Phe Ala Glu Va: 
275 280 285 

Met Gin Gly Lys Pre Glu Phe Thr Asp His Leu Thr His Lys Leu Lys 
290 295 300 

His His Pro Gly Gin lie Glu Ala Ala Ala lie Met Glu Tyr He Leu 
305 310 315 320 

Asp Gly Ser Asp Tyr Val Lys Ala Ala Gin Lys Val His Glu Met Asp 
325 3 30 335 

Pro Leu Gin Lys Pro Lys Gin Asp Arg Tyr Ala Leu Arg Thr Ser Pro 
340 345 350 

Gin Trp Leu Gly Pro Gin He Glu Val He Arg Ser Ala Thr Lys Met 
355 360 365 

lie Glu Arg Glu He Asn Ser Val Asn Asp Asn Pro Leu He Asp Val 
370 375 380 

Ser Arg Asn Lys Ala Leu His Gly Gly Asn Phe Gin Gly Thr Pro lie 
385 390 395 400 

Gly "Val Ser Met Asp Asn Thr Arg Leu Ala lie Ala A^a .He Lys 
405 410 415 

Val Thr He Ala Gin Phe Ser Glu Leu Val Asn Asp Phe Tyr Asn Asn 
420 425 430 

Gly Leu Pro Ser His Leu Ser Gly Gly Arg Asn Pro Ser Leu Asp Ser 
435 440 445 

Gly Phe Lys Gly Gly Glu He Ala Met Ala Ser Tyr Cys Ser Glu Leu 
450 455 460 

Gin Phe Leu Ala Asn Pro Val Thr Asn His Val Gin Ser Ala Glu Gin 
465 470 475 480 

His Asn Gin Asp Val Asn Ser Leu Gly Leu He Ser Ala Arg Lys Thr 
485 490 495 

Ala Glu Ala Val Asp He Leu Lys Leu Met Ser Ser Thr Tyr Leu Val 
5 00 505 510 

Ala Leu Cys Gin Ser He Asp Leu Arg His Leu Glu Glu Asn Met Lys 



Ser Thr Val Lys Asn Thr Val Ser Gin Val Ala Lys Lys Val Leu Thr 

530 535 540 

Met Gly Val Asn Gly Glu Leu His Pro Ser Arg Phe Cys Glu Lys Asp 

545 * 550 555 560 



Leu Leu Arg Val Val Asp Arg Glu Tyr Val Phe Ala Tyr Ala Asp Asp 

565 570 5^5 

Pro Cys Leu Thr Thr Tyr Pro Leu Met Gin Lys Leu Arg Gin Val Leu 

580 585 590 

Val Asp His Ala Leu Asn Asn Gly Glu Thr Glu Lys Asn Ala Asn Thr 



Ser :ie Phe Gin Lys lie Ala Thr Phe Glu Asp Glu Leu Lys Ala lie 
610 615 620 

Leu Pre Lys Glu Val Glu Ser Val Arg Val Ala Phe Glu Asn Gly Tnr 
625 " 630 635 640 

Met Ser lie Pro Asn Arg lie Lys Ala Cys Arg Ser Tyr Pro Leu Tyr 

645 650 655 

Arg ; : ::e "."a I Arg Glu Glu Leu Gly Gly Ala 
660 665 



■:2 10 



17 
DNA 



<213> Artificial Sequence 

< 2 2 0 > 

<223 > Description of Artificial Sequence : PCR 5' 
degenerate primer 

2 2 0 > 

<2 2 1:-< modi f ied_base 

- 2 2 2 r ( 1 ) . . ( 1 7 ) 

<22 2-> n ~ g, a, c or t 

< 4 t> 0 :■■ 6 

gayecnytna aytgggg 



17 



.;2 11. :• 2 0 
.: 2 12- DNA 

<213> Artificial Sequence 

<22 0> 

:22 3 Description of Artificial Sequence : PCR 3' 
degenerate primer 

<22 0-- 

<221> modi f ied_base 
< 2 2 2 ( 1 ) . . ( 2 0 ) 
<223>n=g, a, cort 



< 4 0 0 -> 7 

ccytgraart tnccnccrtg 




<210-> 8 

■ : 2 1 1 . - 6 

:. : :: p?t 
•■:213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: PAL conserved 

reg . wii pep t ide r ragrr.ent f :'ot. s un f 1 ov.e r - He 1 lanthus 
annuus) , Arabidopsis thaliana, parsley 
{ Pet rose 1 1 num crispum) , carrct (Daucus carota) , 
rice (Oryza sativa), or wheat (Triticum aestivum) 

< 4 0 0 > 8 

Asp Pro Leu Asn Trp> Gly 



<2 10> 9 

< 2 1 1 : • 7 
<2 12> PRT 

<2 13> Artificial Sequence 

< 2 2 0 > 

<223> Description of Artificial Sequence : PAL conserved 

region peptide fragment from sunflower {Helianthus 
annuus * , Araoidopsis thaliana, parsley 
, Pe t rose 1 i num crispum; , carrct '. Daucus carota'; , 
tobacco (Kicotiana tabacum) , rice (Oryza sativa) , 
or wheat (Triticum aestivum) 

<400> 9 

H . s O 1 y G 1 y As n Phe Gin G 1 y 



<2 10> 10 
<2 11> 6 
• :2 12> PRT 

<213; Artificial Sequence 
<220> 

<2 2 3 -- Description of Artificial Sequence : PAL conserved 
region peptide fragment from tobacco (Nicotiana 
tabacum) 

< 4 0 0 > 10 

Asp P'ro Leu Asn Trp Glu 



<2... 0:- 11 

•;2 11> 5 

<2 12> PRT 

<213> Artificial Sequence 

<220:- 

<22 3> Description of Artificial Sequence : PAL conserved 
peptide fragment 



< 4 0 0 > 11 

Asp Pro Leu Asn Trp 
1 5 



<210> 12 
< 2 1 1 > 2 3 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : forward primer 
<400> 12 

cggaattcat ggagaacggt aat 23 



< 2 1 0 > 13 

<211> 23 

< 2 1 2 > DNA 

^213 > Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : reverse primer 

<400> 13 

cgtctagact aacatattgg aag 23 



1 2 



